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The major focus in the Department of Molecular and Cellular Biology is to study the stress response and the
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regulation and function of molecular chaperone/stress proteins. We are working mainly on the three topics in this field.
We found and cloned the gene of a novel stress protein HSP47 which resides in the endoplasmic reticulum?ER?
acting as a collagen-specific molecular chaperone in the pathway of collagen biosynthesis, processing and secretion.
HSP47 specifically and transiently binds to various types of collagen in the ER. In addition to the binding specificity to
collagen, the expression of HSP47 is always closely correlated with those of collagens during the normal development
of mouse embryo as well as in the pathophysiological conditions including liver and renal fibrosis.
We already succeeded in making knockout mice lacking hsp47 gene, which resulted in causing the embryonic
lethality at 10.5 dpc in hsp47?/? homozygotic mice. In these homozygotic mice, the maturation of type I collagen was
abnormal and the immature form of procollagen accumulated in the tissues. Using hsp47?/? ES cells, we found this year
that type IV collagen secreted from hsp47-null cells could not form correct triple helices and the basement membrane
was not formed in the embyoid bodies from those cells. We also observed the impairment of basement membrane
formation in mouse embryos, thus these findings reveal that the knockout of the chaperone protein HSP47 causes the
abnormality in molecular maturation of its substrate, and HSP47 is essential for mouse normal development. In those
knockout mice, type IV collagen was observed to accumulate in the ER causing an ER stress, and apoptosis was also
observed in those embryos after 10.5 dpc. ?By K. Nagata?
Another project we are working on is the analysis of the intracellular mechanism of ERQC?ER quality control?
including ERAD?ER associated degradation??Newly synthesized proteins in the ER acquire correct conformations
before leaving to the secretory pathway, but when they fail to fold correctly, they are degraded by the cytoplasmic
proteasomes after retrotranslocation out of the ER. We have cloned a mouse gene EDEM, which is involved in the
ERAD of glycoproteins. By searching the protein data bases, we have identified two homologue proteins of EDEM in
mouse. After cloning of these two genes, we examined whether these homologues were also involved in glycoprotein
ERAD, and found that EDEM3, but not EDEM2 accelerated the degradation of misfolded glycoproteins. Analysis of
the oligosaccharide structures on the ERAD substrate suggests that the mechanisms whereby EDEM or EDEM3
accelerates glycoprotein ERAD are discrete. By in situ hybridization and by northern blotting, we revealed that the
tissue distributions of EDEM and EDEM3 in mouse are different. We are now trying to detect endogenous EDEM
family proteins, and are planning to create knock out mice? ?By N. Hosokawa?
We are also studying cytosolic chaperonin CCT and related proteins in mammalian cells. CCT is a molecular
chaperone in the cytosol and assists in the folding of proteins. We established an in vitro system to evaluate CCT-
assisted folding of newly-translated proteins. As this system is composed of purified recombinant proteins except that
CCT was purified from the bovine testis, genuine contribution of CCT in the folding of post-translational proteins can
be examined. Taking advantage of this system, we are analyzing CCT-assisted folding of actin and WD40 proteins in
detail. We also succeeded in knock-down of CCT subunits in vivo using RNAi vectors, and we are now analyzing the
CCT-assisted folding of actin and tubulin in vivo. In addition, we are studying the function of Mckuisick-Kaufman
syndrome protein, which shows weak amino acid sequence similarity to CCT and other chaperonins. We found that
this protein is structurally similar to group II chaperonins including CCT and is transiently associated with newly-
translated proteins. Our recent data indicate that this protein is rapidly shuttling between the cytosol and centrosome,
and that disease-causing mutants are rapidly degraded by proteasome-dependent system in vivo? ?By H. Kubota?
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Our laboratory is focusing our research on the analyses of basal transcription and the development of applications
of RNA aptamer.
For the total understanding of in vivo transcription, we introduced RNA aptamers as a new analysis tool for dis-
secting architecture of transcription complex. Control over interactions between proteins in the complex is critical to in
vivo study, but the required specificity may not be easily incorporated into small molecules that constitute the majority
? 1?????? RNA???????????
RNA??????????????????????????????





of drugs currently in use. Bio-macromolecule-derived reagents may be more suitable as antagonists in this situation,
and RNA aptamers have become an especially promising choice. We isolated the sub-molecular specific RNA aptamers
against a protein that constitutes a single structural domain, the Drosophila TATA-binding protein?TBP?and GAGA
factor, a protein with multi functional domain. TBP is a critical molecule on the transcription of eukaryotic cells consist
with well studied conserved C-terminal half and unidentified functional non-conserved N-terminal half. Our aptamer
against TBP indicate the function of non-conserved N-terminal half of TBP as a regulator of binding to TATA element.
GAGA is well known as a chromatin remodeling factor, but the activity for accelerates the transcription is open to
argument. Aptamers against GAGA factor suggest that GAGA factor could accelerate the transcription in the step of
elongation. To clarify the binding manner of aptamer with TBP and GAGA factor, crystallographic study is going as col-
laboration research.
For expanding the application of RNA aptamer as a cure drug or examination reagent, we tried to identify the RNA
aptamer against other proteins incorporated into disease development and developing new tool for effective selection
of RNA aptamer.
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This department studies :?i?the cellular and molecular basis of immunologic self-tolerance and the etio-pathology
of autoimmune disease ;?ii?the strategy for eliciting effective immune responses to autologous tumor cells, or induc-
ing immunologic tolerance to organ transplants, by manipulating the mechanism of immunologic self-tolerance ; and
?iii?the cause and pathogenetic mechanism of rheumatoid arthritis.
One aspect of immunologic self-tolerance?i.e., immunological unresponsiveness of the normal immune system to
normal self-constituents?is maintained by a T cell-mediated dominant control of self-reactive T cells. We showed that
elimination of a T-cell subpopulation expressing CD25, which constitutes 5-10% of the peripheral CD4? T cells and less
than 1% of CD8? T cells in normal individuals, elicits various autoimmune diseases immunopathologically similar to hu-
Annual Report 2004
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man counterparts?e.g., insulin-dependent diabetes mellitus, autoimmune thyroiditis, and autoimmune gastritis with
pernicious anemia?. Functional characterization of this immunoregulatory CD25?CD4? T-cell population revealed that
it potently suppressed the activation/proliferation of other T cells in a cell to cell contact manner on antigen-presenting
cells.
This year, we have found that interleukin-2?IL-2?is indispensable for the generation, growth, and survival of CD
25?CD4? regulatory T cells. Neutralization of circulating IL-2 indeed elicited autoimmune disease in otherwise normal
animals. This is the first demonstration that neutralization of a particular cytokine can cause autoimmune disease. We
have also investigated how endogenous regulatory T cells can be exploited for induction of transplantation tolerance.
By preparing an in vivo condition suitable for antigen-specific expansion of regulatory T cells, or stimulating them in vi-
tro with allo-antigens and transferring such antigen-expanded regulatory T cells to animals, we were able to induce
graft tolerance.
We are also investigating the cause and pathogenetic mechanism of rheumatoid arthritis?RA?by analyzing a
mouse model newly established in our department. This year, we investigated the contribution of various cytokines to
the development and progress of arthritis. IL-1, IL-6, and TNF-a genes were actively transcribed at the site of arthritis.
Deficiency of these cytokines significantly suppressed the development of arthritis. The results indicate crucial roles of
these proinflammatory cytokines in the development of autoimmune arthritis as in human rheumatoid arthritis.
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??????????????????????????????Tokoyoda et al. 2004??
Chemokines are a family of small structurally related molecules that were recognized originally for their ability to
regulate cell trafficking in inflammation. We isolated a chemokine, CXC chemokine ligand 12/stromal cell-derived fac-
tor/pre-B-cell growth stimulating factor?CXCL12/SDF-1/PBSF?as a molecule that stimulates the growth of B lympho-
cyte precursors?Nagasawa T et al. Proc. Natl. Acad. Sci. USA 91 ; 2305?2309?1994??and have found its multiple physi-
ological functions in development. We have shown that CXCL12 is essential for embryonic viability, development of B
lymphocyte, colonization of bone marrow by hematopoietic cells and cardiogenesis?Nagasawa T et al. Nature 1996?.
Moreover, we have revealed that a primary physiologic receptor for CXCL12 is a seven-transmembrane G-protein-
coupled receptor CXCR4 that also functions as a coreceptor for strains of HIV-1?Nagasawa et al. Nature 382, 635?638
?1996??Tachibana et al. Nature 393, 591?594?1998??Egawa et al. Immunity 15, 323?334?2001??. In addition, we have
found that CXCL12 and CXCR4 chemokine ligand receptor system is also required for vascularization of the gastroin-
testinal tract, that defined a new signalling sytem for organ vascularization during embryogenesis?Tachibana et al. Na-
ture 393, 591?594?1998???
Stem cells and/or progenitor cells migrate and colonize during development. Recently, we found that CXCL12
plays a critical role in colonization of bone marrow by hematopoietic stem cells?HSCs?Ara et al. Immunity 19, 257?267
?2003??and is involved in murine primordial germ cells?PGCs?development likely by controlling colonization of the
gonads by PGCs?Ara et al. Proc. Natl. Acad. Sci. USA 100, 5319?5323?2003??, revealing the key roles of CXCL12 in mo-
bilization of hematopoietic cells between organs during ontogeny. In this year, we have studied mobilization of hema-
topoietic cells within hematopoietic organs and the roles of CXCL12 in these processes.
?
B lymphocytes are generated from HSCs and develop within bone marrow and dependency on CXCL12 appears at
the earliest stages, pre-pro-B cells. We have found that CXCL12-expressing cells are a small population of stromal cells,
had several processes, are scattered throughout bone marrow and located some distance from the cells expressing in-
terleukin?IL?-7. Multipotent hematopoietic progenitors are attached to the processes of CXCL12-expressing cells and
pre-pro-B cells adjoin their cell bodies. Maturer pro-B cells, which require IL-7, have moved away and adjoin the IL-7-
expressing cells. Maturer pre-B cells are not in contact with IL-7-expressing cells. Furthermore, the end-stage B cells,
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plasma cells again seed CXCL12-expressing cells. Thus, we have identified stage-specific niches for B lymphopoiesis,
demonstrated the B lymphocyte characteristic location and movement between specific niches within bone marrow
during development and suggested that CXCL12 maintains the precursors in the niche. Together, CXCL12 is likely to
play a critical role in the interaction of hematopoietic cells with the specific cellular niches in bone marrow?Tokoyoda
et al. 2004??Further study will be needed to show how CXCL12 and other cytokines mediate this interaction in hema-
topoiesis.
?? ? ? ??
 ???? 
??????
Tokoyoda, K., Egawa, T., Sugiyama, T., Byung-I1 Choi and Nagasawa, T. Cellular niches controlling B lymphocyte be-
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The proper growth and differentiation signaling from the surrounding extracellular environment regulates tissue
formation and its functions. We are aiming at the elucidation of molecular interactions and signaling networks underly-
ing mesenchymal vascularization or cartilage, bone and tendon/ligament formation. Our current research efforts are
focused on the following studies.
1. Vascularization of mesenchyme and anti-angiogenic factors
?1?Anti-angiogenic barrier in mesenchyme
In the early stages of limb outgrowth, the vascular network develops throughout the limb mesenchyme. As limb
development proceeds and the limb grows out from the flank of the embryo, a vascular network becomes more com-
plex in association with the increase of vessel density. However, just prior to precartilaginous condensation, vascula-
ture regresses at the sites of mesenchymal condensation that defines the pattern of cartilaginous bone molds, whereas
the rest of the limb vasculature is maintained normally. It is believed that vascular regression is essential for the sub-
sequent formation of cartilage, which is a typical avascular tissue. Following chondrogenesis and the subsequent pro-
liferation and maturation of chondrocytes in the developing cartilaginous bone mold, blood vessels invade the calcified
hypertrophic cartilage to lead to the replacement of cartilage by bone. Thus, dynamic changes of vasculature are
closely associated with development of the skeletal elements in the developing limb. Although molecular mechanism
and roles of angiogenesis during replacement of cartilage by bone are well established, it is still not clear whether vas-
cular regression is related to cartilage development. Taking advantage of in ovo electroporation, we misexpressed sol-
uble Flt-1 in the developing forelimb to explore the interactions between remodeling of the limb vasculature and carti-
lage development.
?2?Expression of Medaka Chondromodulin-I in the avascular region of the otic vesicle during inner ear development
In vertebrates, inner ear develops from the otic placode, a thickening of the embryonic ectoderm adjacent to the
hindbrain. In fish, the placode cavitates to form otic vesicle that develops into the structures of inner ear such as mem-
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branous labyrinth and neurons of the statoacoustic ganglion. In this study, we visualized the vascular network of the
medaka embryo by injecting FITC-dextran. Confocal microangiography revealed that the otic capsule was devoid of
blood vessels, suggesting that there is a tight regulation to exclude vascular development in the otic vesicle. We fo-
cused on chondromodulin-I?chm-I?, a cartilage derived angiogenesis inhibitor in mammals and found that chm-I was
expressed from the early stages of the medaka inner ear development prior to extracellular matrix formation of otic
vesicle. Thereafter chm-I transcripts were expressed in the developing cartilage of the whole body. Expression of chm-I
in the avascular region suggests that it may participate in vascular patterning as a negative regulator during medaka
development.
?3?Anti-angiogenic activity of tenomodulin
We cloned tenomodulin?TeM?as a ChM-I related gene. TeM transcripts have been found in hypovascular tissues
such as tendons, ligaments, epimysium of skeletal muscle, and sclera. Using an adenovirus expression system, we util-
ized the forced expression and subsequent secretion of the human TeM C-terminal 116 amino acids?Ad-shTeM?in
human umbilical vein endothelial cells?HUVECs?to assess the anti-angiogenic properties of TeM. The C-terminal
120 amino acids of the human ChM-I precursor?Ad-shChM-I?was also expressed in HUVECs as a comparison study.
Transduction of both Ad-shTeM and Ad-shChM-I resulted in significant impairment of the tube forming activity of HU-
VECs in matrigel. In a modified Boyden chamber assay, migration of HUVECs in response to VEGF was significantly
affected following transduction of either Ad-shTeM or Ad-shChM-I. The transduction of either Ad-shTeM or Ad-
shChM-I in human melanoma cells resulted in suppression of tumor growth in association with decreased vessel den-
sity in vivo . Hence, we have demonstrated that, similarly to ChM-I, the C-terminal domain of TeM exhibits both anti-
angiogenic and anti-tumor activities.
2. Molecular mechanism of chondrogenic differentiation
During endochondral bone formation, undifferentiated mesenchyme condense to form the cartilaginous bone
mold. In the developing cartilaginous mold, chondrocytes rapidly proliferate to synthesize a large amount of extracel-
lular matrices such as type II collagen and aggrecan and mature to become hypertrophic. Then extracellular matrices
around hypertrophic chondrocytes calcify. Subsequently, vascular invasion occurs and calcified cartilage is gradually
replaced by bone through cooperative actions of osteoclasts/chondroclasts and osteoblasts. We previously established
in vitro model of chondrogenic dfferentiation by using mouse embryonal carcinoma cell line ATDC5, which is cur-
rently used as one of the standard chondrogenic cell lines in the filed of cartilage and bone mineral research. We have
performed Serial Analysis of Gene Expression?SAGE?method and analyzed transcripts derived from ATDC5 cells be-
fore and after the induction of chondrogenesis induced by BMP4. A total of 43,656 SAGE tags?21,875 and 21,781 tags
from uninduced and induced libraries, respectively?, corresponding to 17,166 unique transcripts, were identified. This
analysis predicted that a total of 139 transcripts are differentially expressed, reflecting multiple changes in activities of
cell biological processes after the induction of chondrogenesis. Taking advantage of in vitro model of chondrogenic
differentiation, we have also started the joint research project supported by JSPS?Japan Society for the Promotion of
Science?in collaboration with Institute of Developmental Genetics?GSF-National Research Center for Environment
and Health, Germany?for identification and functional analysis of genes that control chondrogenic differentiation dur-
ing endochondral bone formation.
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3. Regulatory mechanism of tendogenesis/lilgamentogenesis.
Fibroblasts in tendons?tenocytes?and ligaments in vivo are histologically distinct as characterized by the longitu-
dinal rows of winged cells separated by type I collagen. However, these cells are almost indistinguishable from fibro-
blasts in loose connective tissues in vitro since their histological characteristics are lost. Due to a lack of the specific
differentiation-markers, little is known about the molecular mechanism underlying tendogenic or ligamentogenic dif-
ferentiation. We found that TeM transcripts were induced during tendogenesis/ligamentogenesis and specifically ex-
pressed in vivo in fibroblasts consisting of tendons, ligaments, and epimysium. Expression of TeM in tenocytes was
upregulated by retroviral expression of Scleraxis that is a basic helix-loop-helix transcription factor and a marker for
tendon progenitors and tenocytes. However, TeM was not induced in tibial chondrocytes overexpressing Scx. Ectopic
expression of Scx in the developing forelimbs also could not induce either excess tendons or induction of TeM in carti-
lage, muscle and loose connective tissues. Thus, these lines of evidence suggest requirement of additional signals in
non-tenddinous cell lineage for induction of tendogenesis and expression of TeM.
4. Molecular mechanisms of cartilage regeneration
Cartilage is formed as a major skeletal element in mammalian embryos. It is, however, rapidly replaced by bone
during development, and only remains as a thin layer of tissue that covers an articular surface. Bone contains abun-
dant vasculature, and readily undergoes regenerative repair in response to damages of tissue. In contrast to bone, ar-
ticular cartilage has a very limited capacity for repair. Cartilaginous lesion easily causes osteoarthritis. Therefore ar-
ticular cartilage has been a target tissue in regenerative medicine. Full-thickness defects that penetrate articular carti-
lage undergo repair processes that result in the generation of either fibrous tissue or hyaline cartilage depending on
the defect size. Multipotent mesenchymal cells participate in these processes. Taking advantage of the tissue-repair
system as a model, we are studying the regulation of growth and differentiation of chondrogenic mesenchymal cells in
vivo . Especially we have been attempting to explore protocols applicable to a clinical use for induction of cartilaginous
regeneration by growth and differentiation factors.
5. Functional Analysis of Chondromodulin-II
We previously isolated a cartilage-derived factor, Chondromodulin-II?ChM-II?, based on an activity to stimulate
chondrocyte growth. Further analysis revealed that ChM-II also have activities to stimulate osteoclast differentiation
and osteoblast growth, suggesting multiple roles of ChM-II in regulating bone and cartilage formation and remodeling.
Surprisingly, although ChM-II protein was abundant in cartilage extracellular matrix, its gene expression was not de-
tected in cartilage, but localized specifically in liver. These data suggest that ChM-II protein is synthesized in liver, se-
creted into blood circulation and then accumulated in cartilage by an unknown mechanism. In this laboratory, we are
studying about ChM-II mainly using the cell culture or small fish in vivo systems. Our current interests are in the
physiological function of ChM-II, the molecular basis for ChM-II accumulation in cartilage and the mechanism of ChM-
II expression in liver. Suggested from that osteoporosis is a common complication of chronic liver diseases, liver-
derived factors are thought to be important in bone and cartilage regulation or pathogenesis. Since ChM-II is thought
to be one of the mediators between liver and bone or cartilage tissues, elucidation of its function is expected to contrib-
ute to understanding of the molecular basis for complications of liver diseases.
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The main objective of our department is to investigate and develop methods, procedures, and technologies which
are applicable to basic and clinical medicines as well as basic biology on the basis of material sciences. The materials to
use in the body and to contact biological substances, like proteins and cells, are defined as biomaterials. In our depart-
ment, various types of biodegradable and non-biodegradable biomaterials of polymers metals, ceramics, and their com-
posites, are designed and created aiming at their clinical applications and the scientific development of basic medicine
and biology for stem cells. We investigate the biomaterials to assist reconstructive surgery and to apply to drug deliv-
ery systems?DDS?for improved therapeutic efficacy. However, it is often difficult for patients to improve their Quality
of Life?QOL?only by the reconstructive surgery procedure because the biomaterials used are of poor biocompatibility
and functional substitution. For organ transplantation, there are several problems to be resolved, such as the lack of
donor organ and the reverse effects of immunosuppressive agents. The two present medicines of up-to-date are clini-
cally limited for medical therapy. Under such circumstance, one therapeutic approach newly emerging is regenerative
medicine. The objective is to regenerate injured or lost tissues and to substitute organ functions by making use of cells.
The regenerative medicine is quite different from the reconstructive surgery and organ transplantation from the view-
point of no use of medical devices and no need of immunosuppressive agents, respectively. The basic idea of regenera-
tive medicine is to give cells an environment site suitable to induce the regeneration of tissue and organ. It is tissue en-
gineering that is a biomedical technology or methodology to create the environment of regeneration induction. Gener-
ally, there are three factors necessary for tissue engineering, such as cells, the scaffold for cell proliferation and differ-
entiation, and growth factors. For successful regenerative therapy of tissue and organ, it is indispensable to efficiently
take advantage of various biomaterials for recombination of all the factors. Especially, biodegradable biomaterials play
an important role in this medical applications. Since there are few metals and ceramics with biodegradable nature, poly-
mer materials of biodegradability have been mainly used for this purpose. If a biomaterial is degraded to disappear in
the body, it is not necessary to retrieve the material from the body after the action accomplishment. In addition, it is
likely that the material degradation of right time does not physically impair tissue regeneration. Thus, biodegradable of
biomaterials are essential to the research and development?R&D?of DDS or basic biology and medicine.
Our research goal is to design and create biomaterials mainly from polymers which are practically applicable for
regenerative medicine, stem cell technology, DDS, and medical therapy of reconstructive surgery and internal medi-
cine. More detailed explanation about every project is described.
1?Biomaterials for Regenerative Medicine
It is well recognized that cells are present in the living tissue adhering onto the natural scaffold for the prolifera-
tion and differentiation of cells or their morphogenesis, namely extracellular matrix?ECM?. When the body tissue is
largely lost, the ECM itself will also disappear. In such a case, we cannot always expect the tissue regeneration at the
large defect only by supplying cells to the defect. One way necessary for successful tissue regeneration is to provide a
temporary scaffold for the proliferation and differentiation of cells to the defect. We are designing and creating 3-
dimensional and porous constructs of biodegradability as this temporary cell scaffold which is an artificial ECM. How-
ever, even if a superior scaffold is supplied to the tissue defect, the tissue regeneration will not be achieved without suf-
ficient number of cells and the amount of cell proliferation signals. It is one of the practically possible ways to use
growth factors for promoted proliferation and differentiation of cells. It is, however, necessary for in vivo use of growth
factors to contrive their administration form because of the in vivo instability. One possible way is the controlled re-
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lease of growth factor or its related gene at the tissue site to be regeneratied over an extended time period by incorpo-
rating the factor into an appropriate carrier. This release technology will enable the growth factor to efficiently exert
the biological activity, resulting in promoted tissue regeneration. We are designing and preparing the release carrier
from biodegradable biomaterials. Generally, in the chronic fibrotic disease, the damaged portion of organ is often occu-
pied with the fibrous tissue, which causes organ dysfunction. It is highly possible that if the fibrosis is enzymatically di-
gested by a proper way, the fibrotic site is naturally regenerated based on the inherent regenerative potential of the
surrounding normal tissue and consequently the organ function is recovered. We are designing and preparing a sys-
tem of drug targeting and the local release with polymers of an organ affinity to achieve the regeneration-induced ther-
apy for chronic disease based on the natural regeneration potential of patients?physical regenerative medicine?.
2?Biomaterials for Stem Cells Technology and Basic Researches of Medicine and Biology
In addition to one approach of regeneration medicine based on tissue engineering, the other is cell therapy to in-
duce tissue regeneration. For the latter approach, it is of prime importance to obtain cells with a high potential of prolif-
eration and differentiation, such as stem cells, precursors, and blastic cells. In this department, the technology and
methodology of cell culture with various biomaterials have been explored to efficiently isolate, proliferate, and differen-
tiate stem cells, precursors, and blastic cells. A series of this study not only aims at the preparation of cells suitable for
regenerative medicine, but also research and development?R&D?of materials, technologies, and methodologies for
basic medicine and biology. In addition, non-viral for vectors for plasmid DNA and siRNA have been investigated to de-
sign the DDS system of gene transfection which can biologically analyze the functions of stem cells and genetically en-
gineer cells for biological activation. For example, we have developed a new system for the controlled release of plas-
mid DNA inside cells and succeeded in enhancing the level of gene transfection and the consequent gene expression
as high as or higher than that of viral vector system.
3?Biomaterials for DDS
Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-dose ad-
ministration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes the adverse ef-
fects of drugs. DDS is a trial which allows a drug to act at the right time the right site of action at the necessary concen-
tration. The objective of DDS includes the controlled release of drug, the prolongation of drug life-time, the accelera-
tion of drug absorption, and the drug targeting. Various biomaterials are inevitably required to achieve every DDS ob-
jective. In this department, various research projects of DDS for drug and gene therapies are carried out from the view-
point of polymer material science. The DDS technology and methodology are also needed to enhance the in vivo effi-
cacy of vaccination or magnetic resonance imaging?MRI?and ultrasound diagnosis. We are proceeding DDS technol-
ogy of methodology which are applicable to the research and development of cosmetics and health care sciences.
4?Biomaterials for Surgical and Physical Therapies
This department is partly originated from the division of Molecular Design and Biomaterials of the former Re-
search Center for Biomedical Engineering where the medical applications of polymer materials have been investigated
extensively. Among the research activities, we continue to molecularly design and create biomaterials mainly from bio-
degradable polymers aiming at their assistance in surgical and physical therapies.
From the viewpoint of biomaterial sciences, we are pursuing comprehensive researches on the scaffold for the cell
proliferation and differentiation, the DDS of growth factors and the related genes, and the material-based technology or
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methodology to use stem, precursor, and blast cells. Through several R&D collaborations with medical, dental, and
veterinary schools as well as private companies, we are planning to apply our basic research results to realize the re-
generation induction of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, pe-
riodontium, myocardium, and kidney as well as the DDS technologies for therapeutic, prophylactic, and diagnostic
medicines, while some biomaterials are applicable for basic of medicine and biology as the research tools.
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Modern medical treatments have been developed from not only modern pharmaceutical sciences and molecular
biology, but also biomedical engineering. The role of researchers whose background is engineering will be to become
more important in such boundary research area in future. We aim to train students from the graduate school of engi-
neering for the biomedical engineer through the researches. Research subjects of our department are listed below :
Cell culture substrates for regenerative medicine
Cells and extracellular matrixes are important raw materials for regenerative medicine. In recent years, many re-
search groups have devoted enormous efforts to establish in vitro culture conditions in which stem cells, such as ES
cells and tissue stem cells, differentiate into various functional cells. Those cells are expected to be very useful for
treatment of various diseases. Many kinds of stromal cells have been used to differentiate stem cells to functional cells.
However, most of stromal cells preferentially used are derived from mice. Some authorities who are in charge of regu-
latory issue have pointed out the difficulty to rule out the possibility that retrovirus incorporated in mouse gene will be
activated and transferred to stem cells and functional cells derived from stem cells. One of our research activities is fo-
cused on the development of stromal cell free culture systems used for the induction of ES cells to various functional
cells. ES cells cultured on the substrate, onto which bioactive molecules isolated from stromal cells, are immobilized ef-
fectively differentiated to dopaminergic neurons.
Conventional cell culture substrates are not always suitable for cells used for regenerative medicine. Neurons dif-
ferentiated from ES cells in vitro are very difficult to be collected from a cell culture flask without deterioration of cell
functions, because long axons from neurons are easily damaged during detachment of neural cells from the cell culture
substrate. Cell sheets but not single cells are needed in some instance, such as regeneration of a skin and a mucous
membrane. We have been examining a film of cellulose derivatives for a cell culture substrate. Cells cultured on it are
removed by cellulose-degrading enzyme, cellulase, without damaging cells on the substrate.
Bioartificial organs
Bioartificial Liver : Liver is a unique organ that has a strong potential for regeneration. Even after the liver is se-
verely damaged, its regeneration can be expected if the patient is appropriately supported by a medical device for a cer-
tain time. A bioartificial liver that contains a large number of living hepatocytes is the most promising device for liver
support. We prepare a bioartificial liver by inoculating ten billion porcine hepatocytes into a hollow fiber module. Hepa-
tocytes in hollow fibers formed the firm aggregate of a noodle shape after one day culture. The metabolic functions of
the bioartificial liver were evaluated by loading several chemicals. Our bioartificial liver maintained about 1/20 of the
metabolic function of the normal adult human liver for more than 10 days.
Bioartificial pancreas : Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients.
Adult pancreaticcells are known to have a poor growth capacity. Islets containingcells from cadaver donors or ani-
mals should be employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then
implanted into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits
permeation of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with compo-
nents of the host immune system. We encapsulated islets into agarose-based microbeads and induced normalization of




Medical devices for least invasive surgery :
Endovascular surgery is recognized as one of the strategies for the treatment of various neuro-vascular diseases
such as cerebral or spinal arteriovenous malformations, dural arteriovenous fistulas and cerebral aneurysms. In this
method, a microcatheter is advanced into or close to a lesion and then the lesion is treated by various methods, such as
embolization and stenting. It is not so invasive and thus is accepted as an attractive therapy making up conventional
surgical techniques. For more than 20 years we have been working on the development of new devices, such as cathe-
ters with higher performance, effective embolic materials, and smart stents.
Cell chips for high-through-put screening :
Transfectional array : Functional characterization of human genes may be one of the most challengeable tasks in
the post-genome era. Due to a huge number of novel genes discovered in genomics, high-throughput methods are re-
quired to express or silence in parallel thousands of genes in living cells. The objective of our study is to fabricate
transfectional arrays through micropatterning of self-assembled monolayers on a gold substrate and the subsequent
site-specific spotting of different expression vectors or short interfering RNAs.
Antibody array : Recent progress in stem cell research provides us with promising options of cell sources for use
in tissue engineering. However, insufficient knowledge about specific surface antigens expressed on most of stem cells
limits their application in regenerative medicine. To solve this problem, we developed a high-throughput analytical
method for typing multiple membrane proteins. Our method is based on solid-phase cytometry using an antibody mi-
croarray prepared on a micropatterned alkanethiol monolayer.
The highly-integrated cell arrays prepared by patterning self-assembled monolayers will provide promising plat-
forms for the cell-based high-throughput functional analysis, where live cells are used to screen massively thousands of
drugs, proteins, and genes in parallel.
Surface chemistry for biomedical materials :
Protein adsorption and complement activation are involved in the initial reactions against man-made materials with
living bodies. It is necessary to elucidate these mechanism in relation to the surface properties so as to rationally de-
sign biocompatible surfaces of synthetic implants. Most of information on protein adsorption and complement activa-
tion by artificial polymeric materials has been accumulated from studies with polymeric materials. However, polymer
surfaces could not be assumed rigid and immobile at equilibrium. The polymer molecules in the vicinity of the surface
or interface would exhibit motion and relaxation in response to the different interfacial environment. And thus it is diffi-
cult to prepare model surfaces using polymeric materials for studies of the complement activation. Self-assembled
monolayers of alkanethiols formed on a gold thin film give well-defined model surfaces for studies on interfacial phe-
nomena and intermolecular interactions. The surface plasmon resonance technique can be applied to analyze the inter-
facial phenomena under water. We have been studying protein adsorption, complement activation, and cell adhesion
on well-defined surfaces made of self-assembled monolayers using the surface plasmon resonance technique.
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(1) Molecular and cellular mechanisms of development and differentiation of mammalian germ cells
The succession between germ cells and pluripotent cells are fundamentals for ontogeny of individuals and continu-
ity through generations in mammals. Molecular mechanisms underlying these germ-line cells serve as basal states for
the derivation of somatic cell lineages. We aim to elucidate such basic molecular systems underlying in the germ-line
cells, and are currently focusing on cytoplasmic structure in the germ cells, called nuage or germ granule, through
identification and functional analyses of the components. We have shown that?1?proteins containing multiple Tudor
domains, TDRD1/MTR1, TDRD6 and TDRD7/TRAP in mice specifically localize to nuage during spermatogenesis?
?2?a single Tudor domain is sufficient for the localization to nuage, but its over-expression causes meiotic defect dur-
ing spermatogenesis??3?spliceosomal complex snRNPs accumulate to nuage during spermatogenesis and form com-
plex with TDRD1??4?mice homozygous for a targeted mutation of Tdrd1 are male-sterile, and?5?localization of TDRD
1 to nuage is under the control of Mvh activity. Further analyses on these mammalian tudor-related genes are in pro-
gress. We are also trying to isolate specific components of nuage in female germ cells.
(2) Molecular mechanisms to control neural development and neuronal differentiation.
The mammalian nervous system comprises an enormous number of cell types. We have been trying several ap-
proaches at the both cellular and molecular levels to understand how neuronal identity is determined. The in vivo elec-
troporation method into the mouse nervous system has been developed in order to analyze gene function in vivo. We
have established that the mammalian Bar-class homeobox gene, MBH1, is directly regulated by a proneural helix-loop-
helix protein, Math1, and that MBH1 plays a pivotal role in the determination of commissural neuron identity. By using
double in vivo electroporation, we have shown that progenitors resume generating neurons after temporary inhibition
of neurogenesis by Notch activation in the mammalian cerebral cortex.
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Embryonic stem?ES?cells derived from inner cell mass of mammalian blastocysts proliferate infinitely while
maintaining pluripotecy. These properties make ES cells attractive sources for cell therapy to various diseases, such as
diabetes and Parkinson Disease. However, many people are against using human ES cells since human embryos have
to be destroyed. In addition, undifferentiated ES cells cause tumors when transplanted, which might preclude their
therapeutic usage. The ultimate goal of our research is to establish pluripotent and immortal, but not tumorigenic,
stem cells directly from patient’s somatic cells. To this end, we have been trying to understand molecular mechanisms
underlying pluripotency, rapid proliferation and tumorigenicity of ES cells. We have been also trying to identify factors
ECAT???????????
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that can induce nuclear reprogramming.
(1) Molecular mechanisms underlying pluripotency
By analyzing expressed sequence tag databases, we were able to identify a number of genes that are specifically
expressed in ES cells and early embryos. We designated these genes ECAT for ES cell associated transcript. We have
shown that ECAT4 encodes a novel homeobox transcription factor Nanog. Targeted disruption of the mouse Nanog
gene caused loss of pluripotecy and induced differentiation into primitive endoderm lineages in both inner cell mass
and ES cells. Overexpression of Nanog rendered ES cells independent of LIF, a cytokine that normal ES cells rely on
for self-renewal. Furthermore, we showed that Nanog is able to render ES cells independent of STAT3, a transcription
factor activated by LIF and other cytokines.
In addition to ECAT, we have shown that NAT1, a translational regulator, is essential for pluripotency of ES cells.
NAT1-null ES cells are normal when undifferentiated, but their ability to differentiate is severely hampered. We found
that NAT1 is conserved from fly to mammals, and all NAT1 orthologs utilize non-AUG translation initiation codons.
We are now trying to determine the functions of other ECAT genes. We are also analyzing upstream regulators and
downstream targets of Nanog and NAT1.
(2) Molecular mechanisms underlying rapid proliferation and tumorigenicity
It is largely unknown how ES cells possess tumor-like properties without having any genetic abnormalities. We
have shown that ECAT5 encodes a novel Ras family protein, which we designated ERas for ES cell expressed Ras.
ERas is constitutively active and specifically activates PI3 kinase as the downstream effector. In contrast, ERas does not
activate two other well known Ras effectors, Raf and RalGDS. A serine/threonine kinase mTOR is known as a down-
stream target of PI3 kinase. We disrupted the mouse mTOR gene by homologous recombination and showed that
mTOR is essential for proliferation of both ES cells and early embryos. These data highlight important roles of the PI3
kinase pathway in rapid proliferation and tumorigenicity of ES cells.
(3) Identification of factors that can induce nuclear reprogramming
We have developed a system in which nuclear reprogramming can be seen as resistance to antibiotics such as G
418 or puromycin. We are now trying to identify genes or other molecules that can convert differentiated cells back
into the embryonic state.
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Coordinated development of multi-cellular organisms depends on intercellular communications and adhesions.
Our research has been focused on regulatory mechanisms of such cell-cell interactions during development. Numer-
ous intercellular signaling molecules are generated as membrane-anchored proteins, and they are subjected to prote-
olytic processing to liberate their extracellular domains?ectodomain shedding?. Molecular bases that regulate the ec-
todomain shedding processes are coming into focus. Evidence suggests that ADAM family proteases are involved in
the ectodomain shedding of various membrane proteins. We are currently studying roles of ADAM proteases in devel-
opment or diseases, which will clarify physiological significance of ectodomain shedding, mediated by ADAM pro-
teases.
We reported previously that during embryogenesis some Meltrin?/? mice display impaired development of in-
terscapular brown adipose tissue?BAT?and of the skeletal muscles that surround BAT. In contrast, decreased forma-
tion of white adipose tissue?WAT?was not as prominent as that of BAT and recovered after birth, To determine
whether Meltrin plays direct roles in WAT development, we examined the effect of Meltrin deficiency on adipo-
genesis in adult. We could demonstrate that Meltrinis involved in obesity, pathological development of WAT. Com-
pared with wild-type mice, Meltrin?/? mice displayed moderate resistance to weight gain induced by a high-fat diet
because of an impaired increase in the number of adipocytes. There was no obvious difference in adipocyte size be-
tween wild-type and Meltrin?/? mice, suggesting normal maturation of adipocytes of the latter under a high-fat diet.
Embryonic fibroblasts and the stromal-vascular cells lacking Meltrinexhibited impaired cell proliferation upon adipo-
genic stimulation, which was accompanied by moderate defects in adipose differentiation. These results uncover the in-
volvement of Meltrin in the development of obesity and in adipogenic cell proliferation. Further studies will reveal
substrates of Meltrinprotease during induction of obesity and molecular mechanisms that modulate activity of Mel-
trinprotease.
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Our resarch project consists of two major areas. The first is the molecular mechanisms of inflammatory diseases
of BALB/c.CD45.1 congenic mice, in which symptoms of atopic dermatis, conjunctivitis and tympanitis are spontane-
ouly developed after 6 months of age. Our goal is to develop new effective cures for these diseases using the latest
RNA technology. The second major line of investigation is directed towards elucidation of the role of transcription fac-
tor Id2 in the differentiation of T/NK common precursors in the fetal thymus.
(1) Molecular mechanism of allergic inflammation in BALB/c.CD45.1 congenic mice
CD45 is a leukocyte-specific glycoprotein with tyrosine phosphatase activity. Through dephosphorylating src-
family kinases with its tyrosine-specific phosphatase activity, CD45 plays essential roles in both positive and negative
regulation of T and B lymphocyte activation in immune responses to forein antigens. CD45 is also shown to be partici-
pated in the regulation of macrophage/granulocyte functions in various infectious and inflammtory diseases. In hu-
mans, it has recently been shown that minor mutations or deletions in the extracellular domain of CD45 resulted in se-
vere combined immunodeficiency or multiple screlosis, suggesting that CD45 is involed in various aspects of human
diseases. The BALB/c.CD45.1 congenic mice, which have only 5 amino-acid substitutions in the extracellular domain
of CD45 molecules as compared to normal BALB/c mice possessing CD45.2 allotype frequently developed various in-
flammatory diseases such as atopic dermatitis, conjunctivitis and tympanitis after 6 months of age. Immune disorders
of BALB/c.CD45.1 mice include?1?hyper IgE syndrome,?2?over-production of Th2 cytokines,?3?hyper LPS reactiv-
ity,?4?enhanced phosphorylation of Jak3/Stat6 after antigen stimulation,?5?elevated level of AID expression and
germline IgE messages. These results suggest that the tyrosine phosphatase activity of CD45.1 molecules is signifi-
cantly lower than that of CD45.2 molecules and this defective activity of CD45.1 causes hyper-responsiveness to envi-
ronmental antigens in BALB/c.CD45.1 mice. In addition to investigate the molecular mechanisms of inflammatory dis-
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eases, we are aiming to establish effective cures for these diseases by introducing the latest molecular technologies.
(2) Role of transcription factor Id2 in the differentiation of T/NK common precursos.
T and NK cells share a series of functional activities in immune responses. Using a novel single cell assay system, we
have previously shown that common progenitors producing both T and NK cells?p-T/NK?exist in murine fetal thymus
?FT??We have also established a culture system that enables to transduce single thymic progenitors and support T
and NK cell development. In this study, we examined the effects of overexpressing Id2 in FT CD4?CD8?CD44?CD25?
CD122? single cells on the cell fate. Expression of Id2, an inhibitor of transcription factors E proteins?HEB, E2-2, and E
2A gene products, E12 and E47?is closely related to the NK lineage commitment from p-T/NK in FT. As results, we
obtained data indicating that a part of progeny of single p-T?progenitors for T cells?are converted to NK lineage cells
and another part cannot survive with constitutive Id2 expression, and that with transient Id2 expression, NK cells and
NK cells with rearranged TCRgene as well as T cells are generated from a p-T. Additionally, we found that TCR
gene rearrangement had been initiated in a small portion of fetal thymic NK cells. Taken all together, we have revealed
that p-T in FT have a potential to yield NK cells, and that E proteins are continuously necessary for the development of
TCR expressing T cells.
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The major objects of our department are to understand the molecular mechanism of growth and differentiation of
mesenchymal tissues and to develop new therapeutic modalities for pathological conditions in mesenchymal tissues.
Following projects are currently investigated.
1. Growth, differentiation, and transformation of mesenchymal stem cells
Mesenchymal stem cells?MSC?, which reside among the bone marrow stromal cells, have a potential to differenti-
ate to cells of various types. However, still many important features of MSC are missing, and it is crucial for the devel-
opment of regeneration therapy using MSC to understand the basic biology of MSC. Projects are ; 1?Identify the cell
surface marker specific for MSC, which will be used for the development of selective propagation of MSC. 2?Investiga-
tion of the homing mechanisms in vivo using the labeled MSC. 3?Investigation of the contribution of MSC to the nor-
mal remodeling process of mesenchymal tissue. MSC is supposed to be precursors of malignant tumors of mesenchy-
mal tissues, sarcomas. Considering that ex vivo expansion of MSC might induce mutations, it is an important issue to
investigate the mechanism of transformation of MSC. We have established immortalized MSC cell lines by sequential
retrovirus mediated gene transfer of hTERT and HPV16E6/E7. Further introduction of oncogenicH-ras gene success-
fully transformed immortalized MSC. Now the differentiation potential of the transformed MSC are being investigated.
2. Involvement of epigenetic mechanism for the regulation of differentiation
How the differentiation potential of MSC is retained during the development and lost after the final differentiation
is still unknown. We analyzed the mechanisms of the transcriptional regulation of the ChM-I gene, which is one of
cartilage-specific genes. Core-promoter region of the ChM-I gene, especially around the binding site of the main tran-
scription factor, was extensively methylated in osteoblastic cells, and the demethylation agent can induce the expres-
sion of the ChM-I gene. Similar mechanisms were also observed in some of other cartilage-related genes, suggesting
that modification of chromatin structures is an important factor to determine the differentiation. Using immortalized
hMSC clones with different potentials, we are currently trying to identify the factors to determine such “differentiation-
specific chromatin structure”.
3. Development of the new treatment for difficult pathological conditions using MSC.
As the example of clinical application of MSC, an animal model of avascular necrosis of lunate bone?Kienbeck dis-
ease?is constructed. Canine scapho-lunates are treated with liquid nitrogen to create the necrotic bone, and autologous
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MSC, which are in vivo expanded and labeled by virus vectors, are applied for the defect of treated scapho-lunates with
artificial bone materials. In contrast to the control bone, which showed progressive collapse of bone, MSC-transplanted
scapho-lunates showed no deformity and bone tissues are regenerated?see Figure?. Reconstruction of the large defect
of long tubular bone and reconstruction of tendon-bone interface are also on going.
4. Application of agonist for the PGE2 receptors for the aricular cartilage repair.
In addition to the development of cell therapy, it is also important to develop the in situ treatment using drugs or
small molecular materials. We have focused on prostaglandin E2, which is one of physiological active materials, and in-
vestigated the application of PGE2 to the regeneration therapy of articular cartilage. We have found that among four
types of PGE2 receptors, only EP2 is strongly expressed in articular cartilage, and the EP2-specific agonist can stimu-
late the growth of articular cartilage chondrocytes. Therapeutic potentials of the agonist are currently investigated us-
ing the defect models in vivo .
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Department of Organ Reconstruction
The major object of our research is development of regenerative medicine for diabetes mellitus from which grow-
ing number of patients suffering in the world. The goal of our studies is to establish a safe therapy available for every
diabetes patient whenever it is required. Therapy for severe diabetes mellitus still depends mostly on insulin injection.
In western countries, an increasing number of patients are treated by pancreas organ transplantation and islet trans-
?????? PVA???????????Qi MJ, et al. Biomaterials 25 : 5885?5892?2004?????
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plantation. On the other hand, approx. 20 cases have been treated by pancreas organ transplantation since the enforce-
ment of the transplantation law in 1997 in Japan. As to the islet transplantation in Japan, the first case of islet isolation
for clinical use was performed in September 2003 and the first islet transplantation was performed in April 2004. Fur-
thermore, the first islet transplantation from living related donor was recently performed. Therefore, transplantation
therapy has finally become a practical option for diabetes in Japan. These transplantation therapies offer a cure of dia-
betes and diabetic complications. However, donor shortage and complications due to immunosuppressive therapy are
inevitable problems as long as allo-transplantation of human organs is employed. Due to these problems, current trans-
plantation therapy is still far from the goal of our studies.
Regenerative medicine of pancreatic islets is studied in order to solve these problems through several different ap-
proaches. As to the origin of insulin-secreting cells ; enhancement of patient’s own islet regeneration, auto- or allo-
geneic islet-like cells differentiated from somatic or embryonic stem cells in vitro and xeno-geneic islets isolated from
the pancreas of animals such as pigs. If these cells become clinically usable, donor shortage will be solved. However, if
allogeneic cells are used and if you consider that type-1 diabetes is an autoimmune disease even in the situation of
autotransplantation, immunosuppression may be still required. To solve this problem, bio-artificial pancreas, in which
islet cells are encapsulated by several kinds of semipermeable membrane and protected from host immune responses,
is another approach for cure of diabetes mellitus. The most important subject of our research is to develop such a
bioartificial pancreas usable in clinical setting.
We have established isolation method of porcine pancreatic endocrine cells in addition to rat islets. Using these is-
lets, we have successfully shown the efficacy of several macrodevices of bioartificial pancreas such as mesh-reinforced
polyvinyl alcohol (PVA) tube and bag, rod-shaped device of agarose containing anti-complement substance, and so on
in allo- and xeno-geneic situations. In these experiments, we realized a difficulty in making bigger devices to be used
for dogs and potentially for humans. We recently developed a novel method to make sheet type macrodevices of PVA
gel by freezing and thawing. This method is based on two facts that islet can be stored by freezing and that PVA solu-
tion becomes a gel by freezing and thawing. The method is shown in the figure. By this method, we can make bigger
device as required with ease. We have also shown that this device is effective in xeno-transplantation.
We are also doing other related researches. For example, we are studying several methods to induce neovasculari-
zation to ischemic tissues, developing novel methods to make ischemic lower limb model in rats. We have made
dopaminergic neuron-like cells from mouse ES cells and showed a effect of these cells when transplanted into the brain
of Parkinsonism model rat. In addition, we have recently started a study to establish a simulator of systemic glucose
metabolism as one of the member of the bio-simulation project, Kyoto University. We are planning to use this simula-
tor to control mechanical pancreas that are currently controlled by proportional-differential method.
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In situ Tissue Engineering : We have devised a completely new approach to the development of artificial organs.
The main procedure using tissue engineering for tissues and internal organs involves the removal of the cell compo-
nent from auto-or allo-organs to obtain only the extracellular matrix, so-called refined extracellular matrix?ECM?and
reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted structure is then employed as
scaffolding, which after implantation into the patients is used for the regeneration or re-differentiation of tissue. Organs
made of self-cells thus regenerate. Organs that regenerate in this manner not only possess highly differentiated tissue
structures, but also show functional recovery, because all the cells are derived from the patients themselves. Whether
or not our new method is practicable will depend mainly on the intrinsic regeneration capacity of each tissue. Up to
now, in higher mammals including man, it has been believed that highly differentiated organs lose their ability to re-
generate. We consider that mammals do not, in fact, lose this potential, and that the potential is hidden by excessively
rapid wound healing around the failing tissues. In this sense, if we can provide good conditions using refind ECM, we
can induce this hidden potential even in higher mammals. We have already carried out succeessful trials at regenerat-
ing peripheral nerves, the esophagus, the trachea, and blood vessels with this method. A similar method is also applica-
ble to other soft tissue organs such as the liver, heart, and lung, as well as the spinal cord. These results will be wel-
comed by patients who are dependent on palliative life-support systems, or transplantation candidates who are waiting
for suitable donors. An additional benefit is that patients will be freed from the side effects of immunosuppressive
drugs. The judgment of the brain death can then be discussed separately from the issue of transplantation, and will be-
come a personal problem. Further more, this new approach help to reduce ever-expanding medical costs, which are in
danger of destroying our health insurance system in the near future.
No study based on these concepts has ever been done either in Japan or abroad. In this sense, our pioneering
work is expected to be a major area of medical science for the coming generation.
Strategy and targets of our study
The target organs currently being considered for this development project are the heart, heart valves, esophagus,
stomach, intestine, gallbladder, trachea, lung, liver, kidney, peripheral nerves, spinal cord, cornea, tendons, ligaments,
cartilage, bone, fatty tissue, periodontal tissue, and permanent teeth. We plan to employ the two majour methods as de-
scribed below.
ECM Method
To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-organs.
The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then applied to facilitate
cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the living body as a temporary
scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be applied instead of purified
ECM as a bulk structure for organ regeneration. Both extracted collagen and growth factors are should facilitate cell
proliferation and cell redifferentiation, leading to regeneration of organs completely composed of cells derived from pa-
tients.
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Cell+ECM Method
Cells?or living tissues?of patients are complexed?mixed?with purified ECM or bioabsorbable material. Using this
complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell?MSC?obtained from
the bone marrow is now applied to this method.
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The angiotensin-converting enzyme?ACE?is a key regula-
tor of blood pressure. It is known to cleave small peptides, such
as angiotensin I and bradykinin and changes their biological ac-
tivities, leading to up-regulation of blood pressure. Here we de-
scribe a novel activity for ACE : a glycosylphosphatidylinositol
?GPI?-anchored protein releasing activity?GPIase activity??Un-
like its peptidase activity, GPIase activity is weakly inhibited by
the tight binding ACE inhibitor and not inactivated by substitutions of core amino acid residues for the peptidase activ-
ity, suggesting that the active site elements for GPIase differ from those for peptidase activity. ACE shed various GPI-
anchored proteins from the cell surface, and the process was accelerated by the lipid raft disruptor filipin. The released
products carried portions of the GPI-anchor, indicating cleavage within the GPI moiety. Further analysis by HPLC/
mass spectrometry predicted the cleavage site at the mannose-mannose linkage. GPI-anchored proteins such as TESP5
and PH-20 were released from the sperm membrane of wild-type mice but not in Ace knockout sperm in vivo. More-
over, peptidase-inactivated E414D mutant ACE and also PI-PLC rescued the egg binding deficiency of Ace knockout
sperms, implying that ACE plays a crucial role in fertilization via this novel activity.
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Laboratory of Embryonic Stem Cell Research
We are performing basic researches aiming clinical use of human embryonic stem cells, and also pre-clinical re-
searches using non-human primate ES cells. After the governmental approval of the research project, we started estab-
lishing human ES cell lines using donated frozen embryos. So far, we have successfully established three human ES
cell lines, KhES-1,2,3. We have started distributing these cell lines on March 2004.
We are studying on molecular mechanisms for maintenance of pluripotency and self-renewal of primate ES cells.
The leukemia inhibitory factor/glycoprotein 130/signal transducer and activator of transcription 3?LIF/gp130/STAT
3?pathway plays an essential role in the maintenance of self-renewal and pluripotency in mouse embryonic stem?ES?
cells. In primate ES cells, including those from humans and monkeys, however, LIF alone is not sufficient to maintain
self-renewal. Then, we examined LIF effects on primate ES cell self-renewal and showed that the LIF/STAT3 pathway
functions in primate ES cells but is not essential for the maintenance of self-renewal.
We are also developing techniques of genetic manipulation of primate ES cells. These researches are considered
indispensable for clinical and pre-clinical researches using human and non-human ES cells.
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Main theme of our research : Elucidation of cellular and molecular mechanisms of cardiovascular development and the
application to cardiovascular regeneration using in vitro differentiation system of embryonic stem cells?and somatic
cells??
Recently, we established a novel in vitro vascular differentiation system of ES cells?Yamashita et al. Nature, 2000??
Using ES cell-derived Flk1?VEGF receptor-2?-positive mesodermal cells as starting material, we can induce all of the
vascular cellular compartments, that is, endothelial cells, mural cells?vascular smooth muscle cells and pericytes?and
blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell inside are formed
from Flk1+ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early process of vascular de-
velopment. And we also demonstrated that the transplanted vascular cells induced by this system could contribute to
developing vasculature in vivo . Moreover, we have succeeded in inducing cardiomyocytes from Flk1+ cells, indicating
that all of cardiovascular cellular components could be induced in our in vitro differentiation system??Fig. 1??
In this system, we can manipulate the fate of cell differentiation, observe the behavior of differentiating cells, pu-
rify and obtain cells at various differentiation stages. This system provides us possibilities to dissect the mechanisms of
cardiovascular development from new aspects, and offers novel potentials for cardiovascular regeneration.
Research Projects :
1?Elucidation of cellular and molecular mechanisms of vascular cell differentiation and specification using ES cell in
vitro differentiation system.
1?Comprehensive molecular cloning of genes for endothelial cell differentiation by global gene expression profile
Fig. 1 : Cardiovascular development in ES cell in vitro differentiation system
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with DNA chip and a novel in vitro functional assay system using vector-based siRNA expression.
2?Specific induction of various endothelial cells types?i.e., arterial, venous, and lymphatic?and investigation of the
mechanisms for endothelial specification.
2?Application of induced vascular cells to vascular regeneration
1?Evaluation of appropriate differentiation stage of donor cells for cell transplantation.
We have demonstrated that Flk1+/VE-cadherin+ early endothelial cells specifically contribute to blood ves-
sels as endothelial cells, specifically and efficiently, whereas Flk1+/VE-cadherin-vascular progenitor cells do not,
using cell transplantation to mouse tumor angiogenesis model?Yurugi-Kobayashi T., et al. Blood, 2003??
2?Improvement of the efficacy of recruitment, contribution, and survival of donor cells, by modifying gene expres-
sions in donor cells.
3?Development of novel hybrid vessels with ES cells and artificial scaffolds.
3?Cardiomyocyte induction from ES cells
1?Establishment of a novel cardiomyocyte induction system in 2-dimentinal culture
We tried to induce cardiomyocytes from purified Flk1+ cell population in 2-D condition, and finally found that
spontaneously beating colonies are efficiently induced when Flk1+ cells are co-cultured with a stroma cell line.
2?Identification of novel cardiac progenitor populations
3?Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation
4?Application to cardiac regeneration
4?Cardiovascular differentiation using primates ES cells
1?Vascular cell differentiation from monkey ES cells
We have succeeded in vascular cell differentiation from monkey ES cells?Sone M. et al. Circulation, 2003?
?collaboration with Department of Medicine and Clinical Sciences, Kyoto University Graduate School of Medi-
cine??
2?Vascular cell differentiation from human ES cells
We have already started research for vascular development using imported human ES cells as collaboration
with Department of Medicine and Clinical Sciences, Kyoto University Graduate School of Medicine??The first
approved human ES cell research in Japan??
3?Cardiomyocyte differentiation using human ES cells
Now we are applying for a research of cardiovascular differentiation using domestic human ES cells to the
Ministry of Education, Culture, Sports, Science and Technology of Japan.
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Our body is built by an incredible variety of cell and tissue types, which develop from a single fertilized egg
through embryogenesis. Those cells are basically classified into two types of cells ; somatic cells and germ cells. So-
matic cells function in forming and maintaining body parts only for the one generation, while germ cells including ga-
mates and their precursor cells are diversified for transmitting genetic and epigenetic information to the next genera-
tion. It has been shown that determination of cell fate is epigenetically regulated through activation or repression of
specific genes. Nuclear reprogramming is a phenomenon that a specialized somatic cell acquires pluripotential compe-
tence, which is defined by multi-lineage differentiation, due to reset of epigenetic memory of the somatic cell. Recent
development of a technology of embryo manipulations achieves epigenetic reprogramming by nuclear transplantation
of a somatic cell to enucleated oocytes as seen by production of cloned animals in many species. We found that embry-
onic stem?ES?cells, which have the robust capability of self-renewal with pluripotency under culture conditions, retain
the nuclear reprogramming activity as shown by cell hybridization with a somatic cell. Cell hybridization technology
may, therefore, have potential to make an important contribution to personal therapeutic applications without the need
for cloning.
To evaluate the full potential of a reprogrammed somatic genome, we have generated inter-subspecific hybrid
cells with Mus musculus domesticus ES cells and M. m. molossinus somatic cells or vice versa, in which frequent DNA se-
quence polymorphisms allow us to monitor the origin of gene expression. Consequently, it has been revealed that the
reprogrammed somatic genome has gained nuclear competency for transcription of mRNAs specific to various types of
tissues derived from the hybrid cells. Thus, it is likely that the reprogrammed somatic genomes function equivalent to
the ES genomes in differentiated cells. In the next, to understand molecular mechanism of the nuclear reprogramming,
changes of chromatin structure of somatic nuclei after cell hybridization with ES cells were analyzed by immunocyto-
chemical and chromatin immunoprecipitation assays. We have demonstrated that the acquisition of pluripotential com-
petence by a reprogrammed somatic genome is accompanied, independent of gene activity, by global de-condensation




have proposed that this erasure of somatic cell-specific histone modifications is a crucial step in the induction of suc-
cessful nuclear reprogramming. To acquire pluripotency on the reprogrammed somatic genome, pluripotential cell-
specific genes function for establishment and maintenance of a pluripotential state-specific epigenotype. Homeodomain
-bearing transcriptional factor, Nanog is a newly identified pluripotential cell-specific genes. Our data clearly demon-
strated that Nanog was essential for maintaining pluripotency of stem cells and inducing successful nuclear reprogram-
ming of somatic nuclei through cell fusion and nuclear transplantation.
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The main goal of medical therapy is not only to cure diseases but also to reproduce the original function and high
quality of life. In the division of Nano-Biomechanism we have studied and developed new technologies to reconstruct
the inherent ability of human being by applying mechanical engineering to medical therapy. To cure diseases in hu-
man joints, new technologies were developed to measure, assess and diagnose articular cartilage in cooperation with
orthopedic surgeons. For intravascular treatment, we have completed clinical test of new coronary stent in cooperation
with cardiovascular physicians and a maker of medical devices. Technologies to navigate catheters to intracranial arter-
ies are also developed.
The research activities of the Department of Biomechanical Engineering in 2004 are summarized as follows :
1. Computer simulation of expanding process of coronary stents
In the treatment of coronary stenosis, intravascular surgery is less invasive than conventional bypass surgery. The
main problem of stenting is re-stenosis caused by injury due to excessive stress during expansion. Therefore, we inves-
tigated the mechanism of vascular injury by means of finite element analysis and experiment. The result shows that
high compressive stress arises at the inner surface of the artery contacting the cross points of the stent beams and the
ends of the stents, while high circumferential tensile stress arises in the artery wall separated from the beams. The re-
sult also shows that extremely high stress may be caused in the case of eccentric stenosis. Thus the design criteria
were found to minimize vascular injury during expansion in order to reduce restenosis.
2. Magnetic system for navigating intracranial catheter




Institute for Frontier Medical Sciences
????????????????????
ment. The magnetic field from a miniature magnet?2 mm in diameter?at the top of the catheter was measured with
highly sensitive 15?24 probes located out of the body. Neuro-computing technology was used to estimate location of
the catheter from the magnetic field.
3. Ultrasonic measurement to detect cartilage degeneration in early stage
We have settled a new method with wavelet transform to measure surface properties of tissues, and applied it to
experiments and diagnoses. Dynamic modulus of elasticity, heterogeneity and thickness of articular cartilage were
measured by use of ultrasonic pulse based on the correlation between the reflected wave and the mechanical proper-
ties. The properties and functions of regenerated and grafted cartilage were also measured and the results were com-
pared to each other. In clinical application, the arthroscope with ultrasonic probe could detect softening of cartilage as-
sociated with degeneration and it has become possible to find osteoarthritis before the syndrome appears.
4. Study of joint lubrication in terms of surface condition
In a human body, slippery surface layers exist on articular cartilage, tendon/sheath interface and intestine wall lu-
bricating and protecting the tissue from injury. Constituents of articular cartilage sliding with glass or gold were meas-
ured within the range of 100 nm from the interface by use of evanescent waves. The result shows that chondroitin sul-
fate contributes to the low friction of intact articular cartilage while friction of cartilage without surface layer is high due
to adhesion of collagen fibers exposing to the surface. Thus the lubrication mechanism of the surface layer was clari-
fied and possibility of early diagnosis of cartilage degeneration is shown.
5. Wear test for ceramic/ceramic joint prostheses
Though ceramics has high wear resistance and they scarcely cause biological response, ceramic/ceramic joint
sometimes experiences fracture, pitting or particle separation followed by early loosening. Therefore, wear test simu-
lating extreme condition such as joint dislocation or micro-separation is necessary to realize safe and highly reliable
prostheses. In this study, a new apparatus for wear test simulating concentrated contact between the socket edge and
the femoral head in a ceramic/ceramic hip joint was designed and wear properties of ceramics under concentrated
contact pressure were investigated. This wear test is proposed to be a prototype of standard wear test.
6. Development of materials processing systems for dental prostheses
Materials processing systems, especially for metal materials, in a dental field are investigated. The purpose of this
study is to reproduce the oral function by establishing production systems of dental prostheses, which have excellent
biological-, medical-and morphological-compatibility.
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1. Simulation of Biomechanical Adaptation Process of the Living Tissues.
Numerical simulations are carried out especially on the modeling and remodeling phenomena of the bones as the
biomechanical adaptation. With constraint functions such as stress distribution or strain energy density distribution, it
is indicated that the form of the bone has been modeled, and the design of artificial dental roots which dynamically har-
monizes with the living tissue under this constraint has being tried.?Supported by New Energy and Industrial Technol-
ogy Development Organization?
2. Regeneration of the Periodontal Membrane around Dental Implant Roots.
The present artificial dental root is fixed directly in the alveolar bone without having periodontal ligament like
natural tooth root, the stresses are directly transmitted without any damping effect. The excessive stresses in the alveo-
lar bone may arise and cause the bone resorption by which the loosening of the implants occurs. Therefore, we have
been attempting that the dental implant made of titanium is covered with a polymer, and the collagen which is the cell
adhesive protein is fixed by some surface treatments, and in addition, the periodontal ligament cell is cultivated on the
surface for regeneration of the periodontal membrane.?Supported by Ministry of Culture, Science and Education?
3. MR Elastography Measurement, Analysis and Verification.
Magnetic resonance elastic modulus measurement method?MRE?of the elastic modulus is a new measuring tech-
nique based on the MRI, and it establishes the technique of the noninvasive elastic modulus measurement of the living
tissue and organ in vivo. Database construction for the medical research support, and virtual reality?VR?system using
the haptic device are investigated.?Joint Research with Information Division, Kyoto University?
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4. Kinematic Analysis of a mastication Robot employing the 6-degree-of-freedom parallel mechanism
Dynamic behaviors of the human body affect the diagnosis or the prognosis of operations in dental and surgery
fields. In our laboratory, mastication robot is developed in order to represent the human mandibular dynamics ; i.e. not
only kinematics but also pressure acting between jaws. The robot employs the 6-degree-of-freedom parallel mechanism
in order to decrease the positional information errors.
5. Development of glass ceramics with high strength and toughness and pressure forming systems for restorative crown
materials
Diopside glass ceramics is known as biocompatibility. Moreover, we have been developing the ceramics to have 3
and 4-fold higher the strength and toughness than the used dental porcelains. The crystallization system with heating
and pressure molding is developed and now is running a clinical trial.
6. Development of magnesium alloys as biomaterials.
Magnesium offers several advantages such as low density, high specific strength to weight ratio, good castability,
non-toxic. Moreover, magnesium is an essential element in human body. The present study is carried out to evaluate
magnesium in medical and dental applications and to examine its corrosion behavior.?A joint research with Kyoto
Fuchu small enterprise and synthesis centers?
7. New Artificial Articular Cartilage and Intervertebral Disk.
Development of the artificial cartilage and intervertebral disk is necessary in order to recover support and mobility
simultaneously in joints and spine which received the damage. We examined the possibility of the application of polyvi-
nyl alcohol hydrogel which can control the mechanical strength by the change of water content and is excellent in the
biocompatibility. It replaces only lesion part and leaves the sound subchondral bone. The high strength and high elas-
tic modulus of the polyvinyl alcohol hydrogel newly developed in this department is promising as artificial articular car-
tilage and intervertebral disk material.
8. Polyethylene for Artificial Joints with High Wear Resistance.
The wear particles of polyethylene are produced by the friction between the metal and UHMWPE when artificial
joint used for the long term. It is known that the osteolysis occurs by foreign body granulation tissue which the wear
particle induces. The development of new UHMWPE for artificial joint which controlled super structure by the crystal-
lization under molecular orientation is being tried in order to improve abrasion resistance of UHMWPE.
9. Measurement and Analysis of Impact Energy Absorption of the Living Tissues and Biomaterials.
By computer simulations and experiments with anatomical cervical model in rear-end collision, the generation
mechanism of the whiplash injuries is clarified, and the development of the safe automobile sheet is being tried.
10. Proliferation Control of Mammalian Cells and Tissue Preservation for Long Term.
Ordinary method of cell and tissue storage is emploed preserving method by freezing at extra low temperature of
?196 and original cell is gotton by rapid thawing of frozen cell as needs arises. However, the survival ratios cells af-
ter thawing and fusion is low, depending on a kind of cells and examiner’s skill, while those of normal and useful cells
such as Langerhans islets and liver cells except cancer cell is about 10 to 30%. We are investigating a novel preserva-
tion method, which can control the proliferation of various types of cells, and the long-term preservation of various tis-
sue or organs at the physiological temperature using polyphenol as a preservation agent.
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Double fluororescent staining study
Calcein-AM / Ethidium homodimer
??(Polyphenol) M(Medium)F(Fresh)
Results
Living Schwann cells showed green fluorescence due to the enzymatic hydrolysis of
calcein-AM. Dead cells showed red fluorescence because the ethidium homodimer
entered through damaged membranes and was bound to nucleic acids
11. Mechanical Analysis of the isometric Contraction of the Skeletal Muscles for an Artificial Heart Support. (Construc-
tion of Dynamic Model of the Muscle)
Our development of a new device called “skeletal muscle pump” which uses the Latissimus Dorsi muscle for artifi-
cial heart drive system using the skeletal muscle contraction has been investigated. A balloon is inserted between the
muscle and pleura, and an electric stimulation is given in the muscle to contract, and the shrinkage force is effectively
utilized as driving force of the artificial heart??Reading Project of The Ministry of Education, Culture, Sports, Science
and Technology, Reading Project?
12. Morphometry System and Operation Simulation (Therapeutic Planning Support System for Jaw Deformities)
In the jaw deformation disease operation, patients and surgeons would like to confirm quantitative evaluation of
operative method and improvement of postoperative occlusal function and feature?informed consent?. The system for
the therapeutic planning support which uses the three-dimensional images abundantly has been developed.?Joint Re-
search with Department of the Oral Surgery and Orthopaedic Surgery Kyoto University?
13. The Gentle Denture Base in Human Body
Today, we are researching and developing novel thermoelastic denture base composed of polymethylmetahcrylate
?PMMA?as a main component for injection molding. Denture base is generally employed polycarbonate?PC?as ther-
moelastic resin. However, PC is eluted in one’s mouth, bis-phenol A of an environmental pollution, and furthermore,
poor adhered to PMMA resin of repair adhesive. Heat-polymerized type PMMA mainly employed as denture base, is
eluted in one’s mouth a lot of monomer and oligomer, which come from residue product of polymerization, and is anx-
ious to cause an allergy. We are researching and developing novel thermoelastic denture base which overcomes disad-
vantages of traditional denture resin.
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Department of morphoregulation was established in October 2004 by a donation from Sumitomo Electric Indus-
tries, LTD. Our laboratory focus is on a protein called epimorphin?Hirai et al., Cell, 1992?that we have shown to stimu-
late epithelial cells to organize into three-dimensional structures and undergo functional differentiation in vitro. Epithe-
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lial cells?including hair follicle epithelium?perform their physiological functions by organizing into three-dimensional
tissue structures. Our research has attempted to use the same strategies used by differentiated hair cells to design a
therapy to stimulate hair growth. Cells organize into functional tissues by establishing proper cellular polarity, increas-
ing cell-cell contacts, and by secreting signaling molecules that enable cellular cross-talk. We have found that the epi-
morphin protein is capable of stimulating tissue organization by affecting these specific cellular properties. By the use
of three-dimensional cell culture assays we have been able to study the effects of epimorphin on hair follicles in vitro.
Our lab discovered the mesenchymal protein epimorphin in 1992. Since our initial discovery Epimorphin has been
shown to stimulate epithelial morphogenesis in a wide variety of organs, albeit the mechanism of its cell surface pres-
entation is still unclear. For example, experiments both in culture and in transgenic mice demonstrated that this pro-
tein is necessary for mammary epithelial cells to undergo normal morphogenesis. We have also shown that epimor-
phin can stimulate different types of morphogenesis when presented to mammary epithelial cells using different ap-
proaches. Interestingly, the epimorphin protein gives rise to insoluble oligomeric products through intra-and inter mo-
lecular interactions, and it is thought that this process allows for epimorphin to directly bind to the surface of target
epithelia. In addition, a number of molecules that signal downstream of epimorphin have been identified by our lab and
others. Our lab has developed a virus system in order to overexpress exogenous extracellular epimorphin and by using
RNA interference?RNAi?we have inhibited endogenous epimorphin. Also notable, the recent progress from this re-
search has made possible a hair-growth reagent derived from epimorphin. This therapy was developed successfully by
identifying the cellular recognition domain from epimorphin that is responsible for stimulating hair growth. By geneti-
cally engineering amino acid mutations in the isolated sequence the potency of the molecule has been optimized. The
generated peptide has a strong affinity to hair follicles stimulating a turnover from telogen to anagen phase and it ne-
cessitates a very low concentration?only a 1/10000 dilution of epimorphin is required to see the same effect an active
component from a conventional hair growth tonic can
cause?. This concentration is almost identical to the en-
dogenous concentration of other growth factors for sig-
naling to target cells, suggesting that the small mole-
cule derived from the epimorphin protein, at least for
hair follicle regeneration, is now in our hands. Our fu-
ture studies will focus on the molecular mechanisms of
epimorphin action, in specific what are the key mole-
cules responsible for such effects as cell-cell adhesion,
reconstitution of cytoskeleton, regulation of cell polarity
and cellular mitogenic activity. We will also try to estab-
lish technologies to control the morphological differen-
tiation of other types of tissues. The target cells mainly
used in the lab will include cells from skin and its epi-
thelial derivatives?hair follicular cells and mammary
epithelial cells?, either from primary cells and differenti-
ated stem cell derivatives.
Institute for Frontier Medical Sciences
???????????
?? ? ? ??
 ???? 
??????
Andoh, A., Fujino, S., Hirai, Y. and Fujiyama, Y. : Epimorphin expression in human colonic myofibroblasts Int. J. Mol.
Med. 13, 57?61?2004?
Aono, S., Legouis, R., Hoose, W.A., and Kemphues, K.J. : PAR-3 is required for epithelial cell polarity in the distal
spermatheca of C. elegans. Development 131, 2865?2874?2004?
Qin J., Takahashi, Y., Isuzugawa, K., Imai, M., Yamamoto, S., Hirai, Y. and Imakawa, K. : Regulation of embryo out-











??????Azan stain, Alcian blue stain, Berlin blue stain, Dahl’s method, Elastica-Van Gieson stain, Kluver-
Barrera stain, Toluidine blue stain, Safranin O-Fast green stain, von Kossa’s method, Silver stain?





?? ? ? ??
 ???? 
Kitagawa K., Wang J., Matsushita T., Kogishi K., Hosokawa M., Fu X., Guo Z., Mori M., Higuchi K. : Polymorphisms of
mouse apolipoprotein A-II : seven alleles found among 41 inbred strains of mice. Amyloid 10 : 207?214?2003?
Guo Z., Mori M., Fu X., Yao J., Xing Y., Korenaga T., Li G., Matsushita T., Hosokawa M., Higuchi K. : Amyloidosis
modifier genes in less amyloidogenic A/J mouse strain. Lab. Invest. 83 : 1605?1613?2003?
Umezawa M., Tatematsu K., Korenaga T., Fu X., Matsushita T., Okuyama H., Hosokawa M., Takeda T., Higuchi K. :
Dietary fat modulation of apoA-II metabolism and prevention of senile amyloidosis in the senescence-





? 18???????????????????????????????2002.7. 6. ???





???? ???????????????? ? ? ? ?
???
?? ES???????????
???????????????? ? ? ? ?
???????????????????????????????????????
???????????? ? ? ? ?
????????????????????
??????????? ??? ? ?
???
?????????????????
???????????? ? ? ?
?????????????????
????????????????? ? ? ?
???????????????????????????
???????????? ? ? ? ?
???
????????????????????????? CXCL12?SDF?1/PBSF?
?????????????? ? ? ? ?
Tissue Engineering???????
???????????? ? ? ? ?
????????????????
??????????????????? ? ? ?
???????? ADAM?????????




??? ?????? ? ? ????? ????




















NOR1?Neuron derived Orphan Recep-


























































2004. 3.23 ?? ?
????????






2004. 4. 9 Ch. Mohan Rao
?Centre for Cellular and Mo-
lecular Biology, Hyderabad,
India?










2004. 5.12 Kenneth M. Yamada
?NIH/NIDCR, USA?
Integrin and Fibronectin Dynamics in

















2004. 5.25 Stefan Jentsch
?Max Planck Institute of Bio-
chemistry, Germany?
Ubiquitin, SUMO and DNA repair ? 123??????
????
?????????
2004. 5.25 Foo Y. Liew
Division of Immunology, In-
fection and Inflammation Uni-
versity of Glasgow, UK





Institute for Frontier Medical Sciences
???????????
??? ?????? ? ? ????? ????








2004. 8. 3 Dale T. Umetsu
Pediatrics, Stanford Univer-
sity
Regulation of pulmonary inflammation











2004. 9.14 Martin Hrabe de Angelis
Institute of Experimental Ge-
netics, GSF National Research
Centre in Munich
The German Mouse Clinic- The New
Standard in Comprehensive Phenotyp-









2004.10. 9 ? ??
???????? ???
??????? ???????? ?????????
2004.10.12 John T. Lis
?Cornell University,USA?
Dissecting Mechanisms of Transcrip-














Whitehead Institute for Bio-
medical Research Department
of Biology, MIT, U.S.A.
Nuclear Cloning, Stem cells and Repro-
gramming of the Genome
???????? ????????
2004.11.24 STEVEN F. ZIEGLER
Immunology Program Be-
naroya Research Instiute
Foxp3 and the development and Func-




2004.12. 7 Daniel N. Hebert
?Univ. of Massachusetts, USA?
N-linked glycans act as maturation and





2004.12. 9 RUSLAN MEDZHITOV
?????? ?????









? ? ? ?? ? ?
1. ? ? ? ? ???????? MRI?????? FEM?????
2. ? ? ? ? ? ? ? ? PGE2??????????????????????????
3. ? ? ? ? ? ? ? ???????????????????????
4. ? ? ? ? ? ? ? Basic FGF?????????????????????????????
5. ? ? ? ? ? ? ? ? ?????????????????
6. Hossein
Hosseinkhani
? ? ? ? Ultrasound enhances tumor targeting of plasmid DNA by PEGylation of cationized
dextran
7. ??? ? ? ? ? ? ? ??????????????
8. ? ? ? ? ? ? ? ? DNA???????????????????????
9. ? ? ? ? ? ? ? ? ?????????????
10. ? ? ? ? ? ? ? ? ????????????????????????? 1??
11. ? ? ??? ? ? ? ? ?????????????????
12. ? ? ? ? ? ? ? ? ?????????????????? bFGF?????
13. ? ? ? ? ???????? ???????? Poly?vinyl alcohol?hydrogel??????? γ???????
?????????????
14. ? ? ? ? ? ? ? ? ????????????????????????????????????
?
15. ? ? ? ? ? ? ? ? ?????????????????
16. ? ? ? ? ? ? ? ? ????????????????
17. ? ? ? ? ? ? ? ? ???????????????????????????? bFGF?????
???????????
18. ? ? ? ? ? ? ? ??????????????????????????????
19. ? ? ? ? ? ? ? ? ????????????????????????
20. ? ? ? ? ? ? ? ? ????????????? siRNA????????
21. ? ? ? ? ? ? ? ? ?????
22. ? ? ? ? ? ? ? ? ?????????????????????????
23. ? ? ? ? ???????? ????????????? Poly?vinyl alcohol?Hydrogel??????????
?
24. ? ? ? ? ? ? ? ??????????????????
25. ? ? ? ? ? ? ? ????????????????????????????
26. ? ??? ? ? ? ? PVA?????????????????????
27. ? ? ? ? ? ? ? ? ????????????????????????????
28. ? ? ? ? ? ? ? ? ES??????????????????????????
29. ? ? ? ? ? ? ? ? bFGF microspheres?????????????????
30. ? ??? ? ? ? ? ????????????????????? DNA??????????
31. ? ? ? ? ? ? ? ? ?????????????????????
32. ? ? ? ? ? ? ? bFGF??? HGF???????????????????????
33. ? ? ? ? ? ? ? ? ???????????????
34. ? ? ? ? ? ? ? ? ??????????? approach ?EMD?MSC???????
35. ? ? ? ???????? ?????????????????????????????????
36. ? ? ? ? ? ? ? ? ????????????????
37. ? ? ? ? ? ? ? ? ???????????????????????
38. ? ? ? ? ? ? ? ? ?????????????????????????????
39. ?? ??? ? ? ? ? ? ?????????????????
40. ? ? ? ? ? ? ? ???????????
41. ? ? ? ? ? ? ? ? ????????????????
42. ? ? ? ? ? ? ? ? ?????????? ES???????????????????
43. ? ? ? ? ? ? ? ??????????????????????????
44. ? ? ? ? ? ? ? ? ???????
Institute for Frontier Medical Sciences
???????????
? ? ? ?? ? ?
45. ? ? ? ? ? ? ? ? ?????????????????????scaffold???????
46. ??? ? ? ? ? ? ? ???????????????????? ES?????????
47. ? ? ? ? ? ? ? ? ?????????????????????????????
48. ? ? ? ? ? ? ???????????????????????
49. ? ? ? ???????? ????????????????L??????
50. ? ? ??? ? ? ? ? ????? organ culture???? Aspergillus fumigatus????????
51. ? ? ? ? ? ? ? ? ???????????????????????????
52. ?????? ?? ? ? ? ? ??????????????????????????????????
53. Akhmar Magrufov ? ? ? ? Co-culture of mucosal and bone marrow derived stromal cells ; In vitro study.
54. ? ? ? ? ? ? ? ? ES??????????????????????????????????
??
55. ? ? ? ? ? ? ? ? ????????????????????????? DNA? in vivo??
56. ? ? ? ? ? ? ? ?????????????????
57. ? ? ? ? ? ? ? ????????????????????? bFGF????????????
?
58. ? ? ? ? ? ? ? ? ???????
59. ? ? ? ? ? ? ? ????????????????????
60. ? ? ? ? ? ? ? ? PVA????????????????????
61. ? ? ? ? ? ? ? ?????????????????????????
62. ? ? ? ? ? ? ? ? ????????????????????
63. ? ? ? ? ? ? ? ? ?????? ES???????????????????
64. ? ? ? ? ? ? ? ? ??????????????????????????
65. ? ? ? ? ? ? ? ???????????????
66. ? ? ? ? ? ? ? ? ????????????????????????????????
67. ? ? ? ???????? ??? bed???????MRE???
68. ? ? ? ? ? ? ? ? ?????? Dual release???? CDDP??? ADM?? gelatin hydrogel?
????????




?????????2003???????????2004.2.25 ???? ?????????? ? ???
1?DDS?????????????????????? ?? ???????????
2. ES??????????????? ?? ?????????????
3. ???????????????????????????????
?? ??????????
4. ???????????????????? ? ?????????????????
5. ??????????????????????????? ?? ???????????
6. ???????????????? ?? ?????????????????
??????????
7. ???????????? ?? ????????????











3. ?? ????????????? Vasa???????????
4. ?? ??????????? Germ Cell Less?????????
5. ??????????????????????????????????????






12. ?? ??????????????????????????? DNA???????????
13. ?? ?????????????????????????? DNA??????????
14. ??????????????????????????????????? de novo??????????
15. ?? ?????????????????????????????????????????????????




? ? ? ?????????????????
? ? ? ?????????????????
? ? ? ???????????????????
? ? ???????????????????
? ? ? ?????????????????
? ? ? ?????????????????
? ?????????????????? 17? 1? 1?????
? ? ? ? ? ?
? ????????? ?
???????????
??????? ???????? ???????? ??????????????? ???????




















???? ?? ???????? ??????? ?????????? ????????????????













?????????????????? ????????? ????????? ???????????






























???????? ???????? ????? ??


















???????? ???????????????? ????? ?
????????????? ??????????? ????????????????????????
?????????????
?????? ? ??????????????? ?????????????? ??













???? ?? ????? ?? ??????????????????????
??????? ?? ??????????????? ??????????
???????? ?? ?????? ???? ???? ???? ?????????????? ???? ?














????????? ????? ????? ????????? ????????????????
???????????? ?????????????? ??????????
??????? ? ?????????????? ??????????
Institute for Frontier Medical Sciences
????????????????
Annual Report of the Institute for Frontier Medical Sciences
Kyoto University 2004
?????????????? 2004
2005 ? 3 ? 18 ? ?? 2005 ? 3 ? 25 ???
? ? ????????????
????????????53 ?606?8507
? ? ???????
